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By He Cs Leesewee! 
INTRODUCTION 


The problem of signaling tc the hoisting engineer from the cage in a 
rt mine hes been given considerable thought and attention by engineers 
mine cperavors seeking to increase the safety end efficiency of hoisting. 


HISTORY 


8, L. Rutherford,3/ an employee of the Magma Copper Co., Superior Ariz., 
‘izing the needa for a simple and practical moving-cage signaling system, 
‘2a series of experiments early in 1937. Available electrical moving- 
é signals in oreration et this date required that signal wires be installed 
“he shaft, To make a simple, positive signal without wires, the first ex- 
-mantg usec the pipe lines in the shaft for carrying the signal current, 
these exheriments were not successful. 


Tre idea of using the hoisting cable to carry the signal current seemed 
iraule, as it would eliminate the necessity for signal wires in the shaft, 
cerce Of trouble in themselves and an added cost for material and instal- 
1. The electronic system incorporates the cable as a condvctcr. 


Certain features of the electrcnic signaling device are patented by 
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CONSIDERATIONS OF DESIGN 
the design of this apparatus was governed by the following considerations; 
-tuipment had to be rugged enough to withstand the rough treatment received 
“3 operation; (2) simplicity of design had to be kept in mind because 
a.r3 had to be meade with the least possible delay by mine electricians, who 
ioL senerclly radio technicians; (3) the cage installation had to be com- 
‘on account of the limited spece available on a skip or cage; and (4) the 
‘teical characteristics of the system had to be in harmony with physical 


‘ollowing footnote acknowledgment is used: . "Reprinted from Bureau of 
Mines Information Circular 7318." 

«soclate mining engineer, Bureau of Mines, Phoenix, Ariz. 

Inventor of the electronic signal. 
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characteristics found in mine shafts, for a practical signal system should 
work with the conditions found in mine shafts and not in esse to then, 


All of the above considerations have been met in 1 the eure ofr the 
electronic shaft signal system, _ 


EOUIPMENT 


The system consists of a transmitter on the cage and a receiver on tne 
surface (fig. 4). The hoisting cable and the earth are the carrier mediuzs. 
The apparatus is installed as shown in figure 3. The transmitter is a sir 
tube tone modulated oscillator feeding into a low-voltage winding, designed | 
match the approximate impedance of the. cable ground system, At low frequen: 
or with direct current, the voltage difference across a 10- to 20-foot lens?! 
of hoisting cable would be very low, whereas at high frequencies the same 
length of cable offers considerable impedance, often with a potential differ 
ence of 20 or 30 volts between the two grounds. The practical effect is sit 
ler to cutting the cable and applying a series potential of the same volteg: 
and thereby developing a circuit to the surface, the cable being one concuc: 
and the earth the other, The voltage involved by this method is low; there- 
fore the insulation of the ground wires does not present a problem, There 2 
no coils or attachments arcund or attached to the cable to get in the way ¥- 
resocketing, cutting, or any repairs to the cable or hoisting equipment, 7% 
only connections are two grounds, one being a clamp on the hoisting cable a 
the other a ground connection to the cage proper (see fig. 1). The path tc 
earth from tho cage or skip is by capacity effects. If the shaft is wet, t: 
earth is of course by direct contact, Therefore, the signal current is 
actually helped by adverse conditions (see figs. 1 and 3). 


The surface or receiving equipment consists of a signal pick-up loop 
mounted below the sheaves with one leg of the loop paralleling the cable. 4 
clearance of several inches is allowed to prevent the cable from coming in 
contact with the loop and dislodging it. This manner of mounting allows th 
signal to be picked up from the cable by means of a transformer erfect, the 
cable being a quarter-turn primary coupled to the multiturn loop, This meth 
eliminates the possibility of the apparatus interfering with any work being 
done on the cable or sheave. The output of this pick-up loop is fed to 4 
fixed frequency receiver, and the output of the receiver is connected to th 
Indicator lamp and speaker at the hoist (see figs. 2 and 3). On permanent 
installations there is a small speaker at the receiver for the purpose of 
tuning the receiver (sce fig. 2). 


OPERATION OF TWO ‘SEPARATE SYSTEMS IN SAME SHAFT 
Two systoms in different compartments of the same shaft may be operate 
without interference. Three or four different systcms could be operated, 
but this practice is not recommended. Separation of diffcrent systems is 
by using a different carrier frequency just as the different broadcast stsi- 
are separated in radio transmission, | | 
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FIGURE 1.- Diagram of cage signal box. 
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FIGURE 2.- Diagram of receiver circuit. 
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FIGURE 3.- Electronic mine-shaft signal-system hook-up. 


FIGURE 4.- Cage transmitter and surface receiver. 
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The standard of a .10-kilocycle separation as used in radio transmission 
nct sufficient for shaft signaling. A wide separation of at least 100 
lecycles must be used, and it is equally important that the frequencies 
lected have a proper harmonic relation to prevent cross signaling, A wide 
oration, as stated above, gives adequate insurance against cross signaling 
yeen the different compartment signals, 


TYPES 


The electronic hoist signal is made jn two models - one for permanent 
stallation and the other, a portable model, for emergency operations or 
ma signal is needed for repairmen working in a shaft. The portable model 
abe sev up and teken down in a few minutes, as there are few connections 
bc made.w The advantage of using a portable model in shaft repair work is 
at nothing is left in the shaft that might deteriorate when not in use. 


ooveral successful signaling devices can be operated from a moving cage, 
t the simplicity of the electronic system and the use of the cable to carry 
¢ signal do away with a signal wire down the shaft, which makes this 
bratus a mcre practical and simple installation. 


ADJUSTMENTS OF SYSTEM 


No adjustments are made on the cage or sending part of the apparatus. 
2 carly cquipment had certain frequency adjustments, but these have since 
mn climinatcd, 


‘ll adjustments are mede on the receiver which is located on the surface 
1 consist of tuning the receiver to match the transmitter frequency. 
“rol is provided to regulate the sensitivity of the receiver and control 
3 strength cf the signal. When these adjustments are sct, it is not 
-“ssury to change them for long periods. 


POWER 


Permanent cage transmitters ere powered with a standard 6-volt storage 
‘tery. The battery requires charging about twice a weck on the oldcr-type 
“retus and once a week on the newer type. The average lifo of a battery 
“fis service is about 1 year. The portable.apparatus uscs a lighter 6- 

* lead-plate-type battcry. Tho rcceiver is powered from 110-volt 60- or 
<gcls current, whichever is uscd for mine operations. 


SAFETY FEATURES 


The clectronic system docs not use relays in any part of its operation. 
~ Signal tone originates et the transmitter on the cage by mcons of a 
“rstor and ig reproduced at the receiver. Noise is not picked up by the 
‘euver, for it is operatcd at a low sensitivity. Some static is present 
rg clectrical storms but would not be taken for a signal, as there is 
lich difforcnce between static and the signal as there is between music 
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and static on a home radio set. This would not be truce if a relay were usci 
to ring a bell or operate a buzzer. A 2-watt neon indicator lamp is overata 
by means of a step-up transformcr from the signal current and serves the dual 
purpose of indicating which signal is being operated and of indicating the 
signal strength by the brightness with which it burns. 


CONCLUSION 


In some States, the law requires two scparate systems of signaling tre 
hoisting enginccr, A system by which the hoisting engineer can be signi 
from the cagc, whether it is at rest or in motion, should always be one cf 
these systems. The system described is fully as economical as one operate 
from the levcls, when its many advantages are taken into considcration and 
its original cost is spread over a number of ycars. 


Ability to signal from a moving cage has many definite safety features 
and economic advantages. t is important that a suitable signaling device 
be installed in ell shafts in which men's lives may depend upon their abilt: 
to signel the hoisting engineer from a moving cagc, for in many instances = 
have lost thcir lives through their inability to signal from the cage, as -! 


The cost of a single accident can mere then offsct the cost of a moving-crg 
Signaling devicc, 
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